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(57) ABSTRACT 

One aspect of the invention is a method for signal modula 
tion adjustment. The method comprises illuminating a ref 
erence target and a region of ?lm With a ?rst light source for 
a ?rst time interval. The method further comprises capturing 
image data from the ?lm in response to a ?rst amount of light 
re?ected from the ?lm With a ?rst sensor for a ?rst integra 
tion time. The method also comprises approximately simul 
taneously producing a ?rst reference output in response to a 
?rst amount of light re?ected from the reference target in a 
?eld of vieW of a reference sensor. More particularly, the 
method further comprises adjusting the data in response to 
the reference output. In a further embodiment, the method 
comprises adjusting an output illumination level of the ?rst 
light source in response to the ?rst reference output before 
a neXt time interval. 
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PULSED ILLUMINATION SIGNAL MODULATION 
CONTROL & ADJUSTMENT METHOD AND 

SYSTEM 

RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 
§119(e) to US. Provisional Application Ser. No. 60/ 173,781 
entitled PULSED ILLUMINATION SIGNAL MODULA 
TION CONTROL & ADJUSTMENT METHOD AND 
SYSTEM. 

[0002] This application is related to the following co 
pending applications all ?led on Dec. 30, 1999: Ser. No. 
60/174,074, entitled METHOD AND SYSTEM FOR ESTI 
MATING SENSOR DARK CURRENT DRIFT; Ser. No. 
60/173,787, entitled DIGITAL FILM PROCESSING 
METHOD AND SYSTEM; Ser. No. 60/174,073, entitled 
DIGITAL FILM PROCESSING FEATURE LOCATION 
METHOD AND SYSTEM and Ser. No. 60/173,780, entitled 
METHOD AND SYSTEM FOR ESTIMATING SENSOR 
AND ILLUMINATION NON-UNIFORMITIES. 

TECHNICAL FIELD OF THE INVENTION 

[0003] This invention relates generally to image process 
ing and more particularly to a pulsed illumination signal 
modulation control and adjustment method and system. 

BACKGROUND OF THE INVENTION 

[0004] During the scanning of photographic images from 
?lm, various factors may affect the quality of the resulting 
digital image. For example, systems used to derive digital 
images from ?lm may suffer from both sensor and illumi 
nation non-uniformities, each of Which may adversely effect 
the signal integrity of the images. Image quality may also 
depend, in part, on the characteristics of the ?lm. Where 
digital image data is obtained from developing ?lm, the 
characteristics of the developing chemical applied to the ?lm 
may also affect image quality. 

[0005] For example, processing images from ?lm typi 
cally includes capturing digital data from the ?lm With a 
sensor as the ?lm is illuminated With a light source. Because 
the illumination levels captured by the sensor represent the 
image data, any sensor or illumination non-uniformities 
introduce undesirable errors into the data measurements. 
Unfortunately, sensor and illumination characteristics typi 
cally vary individually and can drift over time due to factors 
such as heating and/or transient responses in the devices 
When they are activated and deactivated. Where the ?lm is 
scanned While being developed, variances in ?lm and 
chemical developer characteristics often arise due to 
changes that take place during the development process. 
Signal levels captured by the sensors may also vary due to 
factors such as aging of the sensors or light sources. 

[0006] In addition, some systems may produce inaccurate 
data due to noise that is introduced by variances in illumi 
nated poWer as a light source operates. For example, a light 
source may emit one pulse of illumination, during Which a 
sensor may capture data. Any differences in illuminated 
poWer betWeen pulses are captured by the sensor, including 
sensor or illumination characteristics that change during the 
development process. These differences may be erroneously 
interpreted as differences in data content captured from the 
?lm. 
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SUMMARY OF THE INVENTION 

[0007] From the foregoing, it may be appreciated that a 
need has arisen for providing a pulsed illumination signal 
modulation control and adjustment method and system. The 
present invention substantially reduces or eliminates disad 
vantages and problems of existing systems. 

[0008] One aspect of the invention is a method for signal 
modulation adjustment. The method comprises illuminating 
a reference target and a region of ?lm With a ?rst light source 
for a ?rst time interval. The method further comprises 
capturing image data from the ?lm in response to a ?rst 
amount of light re?ected from the ?lm With a ?rst sensor for 
a ?rst integration time. The method also comprises approxi 
mately simultaneously producing a ?rst reference output in 
response to a ?rst amount of light re?ected from the refer 
ence target in a ?eld of vieW of a reference sensor. More 
particularly, the method further comprises adjusting the data 
in response to the reference output. In a further embodiment, 
the method comprises adjusting an output illumination level 
of the ?rst light source in response to the ?rst reference 
output before a next time interval. 

[0009] The invention provides several important advan 
tages. Various embodiments of the invention may have none, 
some, or all of these advantages. The invention may improve 
the accuracy of image data. For example, the invention may 
compensate for drift or other variations in sensor or illumi 
nation source characteristics betWeen image capture sam 
pling times. The invention may automatically adjust illumi 
nation levels and/or sensor integration time using a reference 
or sensing detector. Signal modulation can be stabiliZed 
betWeen illumination pulses, to reduce signal noise. The 
invention may also prevent saturation of sensors in varying 
?lm, developer, and illumination conditions. 

[0010] Alternatively or in addition, the invention may 
adjust the captured image data to compensate for such 
variations. For example, sensor and illumination non-uni 
formities in the image data may be normaliZed and various 
gains for the image data may be adjusted using the measured 
data. Other technical advantages may be readily ascertain 
able by those skilled in the art from the folloWing ?gures, 
description, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] For a more complete understanding of the present 
invention and the advantages thereof, reference is noW made 
to the folloWing descriptions taken in conjunction With the 
accompanying draWings in Which: 

[0012] FIG. 1 illustrates an example of a digital ?lm 
processing system that may be used in accordance With the 
invention; 
[0013] FIG. 1A illustrates an example of a cross section of 
?lm from Which image data may be captured; 

[0014] FIG. 2A illustrates an example of an image capture 
engine that comprises an embodiment of the present inven 
tion; 
[0015] FIG. 2B illustrates another example of an image 
capture engine that comprises another embodiment of the 
present invention; 
[0016] FIG. 2C illustrates another example of an image 
capture engine that comprises another embodiment of the 
present invention; 
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[0017] FIG. 3 illustrates an example of a method for 
capturing and adjusting image data in accordance With the 
present invention; and 

[0018] FIG. 4 illustrates an example of a method for 
monitoring and adjusting illumination of an image capture 
system utiliZing the teachings of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] The preferred embodiment of the present invention 
and its advantages are best understood by referring to FIGS. 
1-4 of the draWings, like numerals being used for like and 
corresponding parts of the various draWings. Opportunities 
may be created to detect and/or adjust for sensor and/or 
illumination variations due to temperature ?uctuations and/ 
or other nonuniformities during digital ?lm processing. 
Generally, Where a spatial non-uniformity of a light source 
does not appreciably change betWeen imaging WindoWs, the 
non-uniformities Within a generally linear array of detectors 
may be assumed to drift up or doWn together betWeen 
capture of data columns along ?lm While data from the ?lm 
is being captured. Areference target may be used to monitor 
illumination levels as image data is obtained along the ?lm 
betWeen each imaging WindoW, continually or as desired. 
For example, Where measured illumination levels are likely 
to drift rapidly enough to affect the quality of the image data, 
they may be monitored. Then, image data may be adjusted 
in response to these levels as they change betWeen data 
columns. This information may also be used to adjust signal 
modulation before a selected imaging WindoW. This may 
desirably alloW digital ?lm processing to be performed 
independently of content and/or unexposed regions Within 
the ?lm. It may also ensure that illumination is generally 
uniform or varies Within a small range betWeen each imag 
ing WindoW. The accuracy of captured image data may be 
desirably improved by compensating for these variations 
over time. In addition, these adjustments may also accom 
modate variations in the elevation and density of developing 
chemicals applied to the ?lm as the ?lm develops. 

[0020] FIG. 1 illustrates an example of a digital ?lm 
processing system 10 that comprises an embodiment of the 
present invention. Digital ?lm processing system 10 com 
prises a ?lm dispenser 22, at least one transport mechanism 
23, a developer station 24, a processor 36 and at least one 
input/output device 25, and at least one sensor station 40. 
Digital ?lm processing system 10 is operable to capture 
and/or adjust data captured from a ?lm 60 that is disposed 
proximate to and/or may move at a scan rate relative to 
sensor station 40. Digital ?lm processing system 10 may 
desirably improve the accuracy of captured image data by 
compensating for ?uctuations in a variety of parameters over 
time. 

[0021] It may be illustrative to utiliZe a coordinate system 
to describe digital ?lm processing system 10. For example, 
sensor station 40 may be disposed in a Z direction proximate 
to, and may be moved at a scan rate relative to, a ?lm 60 
operable to store latent image data, such as ?lm. Film 60 
may be disposed, for example, in an x-y plane and have a 
Width W in the y direction. By Way of example and not by 
limitation, ?lm 60 may be disposed in a generally vertical 
orientation, and/or may not be disposed Within any single 
plane, but rather move through a plurality of orientations as 
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sensor station 40 captures image data therefrom. As another 
example, ?lm 60 may be disposed in a mobius strip con 
?guration so that sensor station 40 may capture image data 
from both portions 64 and 66. Sensor station 40 may also be 
disposed proximate to and oriented in various angles relative 
to ?lm 60. 

[0022] At least one sensor station 40 is operable to obtain 
image data from ?lm 60, even While the ?lm may have 
developing chemicals applied thereto. In other Words, the 
?lm may be developing, or may be completely developed. 
Developer station 24 may be used to apply a thin layer of a 
developing chemical to ?lm 60. By Way of example and not 
by limitation, developer station 24 may be a slot coater or 
vibrating dispenser that sprays or otherWise applies the 
developing chemical to ?lm 60. Transport mechanism 23 
may be used to move ?lm 60 at a desired scan rate relative 
to sensor station 40. Film dispenser 22 may be used to retain 
?lm 60 and to guide the ?lm onto transport mechanism 23. 

[0023] Sensor station 40 may be used to capture image 
data from ?lm 60 and transfers the image data to an 
input/output device 25 such as a storage medium. Sensor 
station 40 comprises optics 46, light source 50, sensor 52, 
sensor control 42, and illumination control 43. Sensor 52 
operates in concert With light source 50 and optics 46 to 
capture or obtain image data from a ?lm 60 such as ?lm. 

[0024] Any suitable light source 50 and compatible sensor 
52 such as those typically used in image processing appli 
cations involving photographic images may be used to 
capture image data for this aspect of sensor station 40. That 
is, sensor 52 may be any detector Whose quantum ef?ciency, 
or responsivity, is compatible With a spectrum utiliZed by 
light source 50. For example, Where light source 50 com 
prises mostly infrared or near-infrared energy, or energy 
outside the visible spectrum, sensor 52 is responsively 
operational to such Wavelengths. Such an embodiment may 
be advantageous When digital ?lm processing system 10 is 
used to capture image data from developing ?lm because, 
for example, unexposed ?lm is typically very re?ective 
When illuminated With infrared energy. Such an advantage 
may facilitate location of unexposed regions of the ?lm 
during Which updating of estimates may be performed. 
Other combinations of light source and sensors may also be 
used. Other examples may include, but are not limited to, a 
light source comprising a single column point source 
coupled to a scan mirror that may be operated in conjunction 
With a sensor comprising a point detector coupled to the scan 
mirror. 

[0025] In some applications, sensor 52 may comprise a 
plurality of charge-coupled devices (CCDs), photo diodes, 
or CMOS sensors. For example, sensor 52 may comprise a 
digital camera comprising a tWo-dimensional array of CCDs 
operable to capture data from a tWo-dimensional ?eld of 
vieW in ?lm 60. Sensor 52 may also comprise a generally 
linear one-dimensional array, Where the array comprises a 
plurality of detectors such as CCDs. Sensor 52 may also 
comprise a generally linear array of 4,096 (or any other 
number) detectors that may be, for example, staggered or 
linearly aligned Within the array. The generally linear array 
may be operable to capture a data or image column over a 
generally linear ?eld of vieW that spans Width W (in the y 
direction) of ?lm 60, or a portion thereof. 

[0026] Each detector Within sensor 52 typically varies in 
thickness of coating, photoemissive characteristics, optics, 
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etc., and thus typically varies in responsivity to a given 
amount of illumination. The responsivity of each detector 
also varies due to noise, age, and temperature. Such varia 
tion in responsivity to illumination Within each sensor 
typically results in spatial non-uniformities in the image 
data. For example, Where sensor 52 comprises a generally 
linear CCD array, variations in the ef?ciency of each detec 
tor in converting photons to electrons results in variations in 
illumination levels measured by each detector, regardless of 
variations in the ?lm 60 and/or content therein. 

[0027] A system signal-to-noise ratio may be measured by 
a combination of sensor responsivity and illumination char 
acteristics of each sensor station. This signal-to-noise ratio 
may be improved by selecting sensor 52 for its sensitivity to 
intensity and Wavelength illumination. Further improve 
ments to the accuracy of captured data, and thus to image 
quality, may also be obtained by matching captured electron 
levels in sensor 52 to a full dynamic range for each latent 
image Within ?lm 60. For example, the capacity of Wells for 
each detector, that is, the number of photons it may convert 
to electrons affects the range of discrete digital levels 
measurable by each detector, regardless of data content 
Within ?lm 60. Wells Within sensor 52 may be desirably 
siZed to be suf?ciently large to accommodate desired image 
signal to noise ratios. In addition, digital ?lm processing 
system 10 may adjust integration time for sensor 52 and/or 
adjust the illumination poWer of light source 50 in order to 
maximiZe usage of the capacity of each detector Well Within 
sensor 52. 

[0028] In one embodiment of the invention, light source 
50 may be arranged in a Wave guide. Each Wave guide may 
comprise a plurality of illuminators, such as light emitting 
diodes (LEDs). Light may be directed through Wave guide 
50 to ?lm 60 and then diffusely re?ected to sensor 52. Any 
suitable optics 46 for use With light source 50 and sensor 52 
may be used to produce desired optical effects in the image 
captured by sensor 52. For example, optics 46 may be used 
to focus, magnify or enlarge data in ?lm 60 to a desired 
image resolution for an application, such as 12 pm per pixel. 
Optics 46 and light source 50 may be manually or automati 
cally controlled by, for example, processor 36. 

[0029] Processor 36 may be used for image data process 
ing and adjustment in accordance With the present invention. 
Processor 36 may also control the operation of sensor station 
40 by using sensor control 42 and/or illumination control 43. 
Alternatively or in addition, processor 36 may control sensor 
station 40 by, for example, executing softWare that may be 
stored in an input/output device 25 such as a storage 
medium. Although a single input/output device 25 has been 
illustrated for simplicity, input/output device 25 may com 
prise multiple storage media as Well as comprising storage 
media of different types. Moreover, although illustrated as 
separate units, processor 36 may perform some, none, or all 
of the logic functions described as being performed Within 
illumination control 43 and/or sensor control 42. 

[0030] Speci?cally, processor 36 may be used to execute 
applications comprising image data processing and adjust 
ment softWare. Image data processing and adjustment may 
be performed using special purpose digital circuitry con 
tained either in processor 36, or in a separate device. Such 
dedicated digital circuitry may include, for example, appli 
cation-speci?c integrated circuitry (ASIC), state machines, 
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fuZZy logic, etc. Processor 36 may also comprise a portion 
of a computer adapted to execute any of the Well knoWn 
MS-DOS, PC-DOS, OS2, UNIX, MAC-OS and WindoWs 
operating systems or other operating systems, including 
nonconventional operating systems. Processor 36 may com 
prise random access memory (RAM) 36a and read only 
memory (ROM) 36b, and may be coupled to one or more 
input/output devices 25. These devices may include, but are 
not limited to, printers, disk drives, displays and a commu 
nications link. Disk drives may include a variety of types of 
storage media such as, for example, ?oppy disk drives, hard 
disk drives, CD ROM drives, or magnetic tape drives. 

[0031] Input/output device 25 comprising a communica 
tion link may be connected to a computer netWork, a 
telephone line, an antenna, a gateWay, or any other type of 
communication link. Image data captured from other than 
digital ?lm processing system 10 may also be adjusted in 
accordance With the invention. For example, processor 36 
may be coupled to an external netWork that may be used to 
obtain image data, such as a scanner or camera system. 
Captured image data may then be provided to processor 36 
from a computer netWork over the communication link. 

[0032] The present invention includes programs that may 
be stored in RAM 36a, ROM 36b, or input/output device 25 
such as one or more disk drives, and may be executed by 
processor 36. In this embodiment, image data adjustment 
may be performed by softWare stored and executed by 
processor 36 With the results stored in an input/output device 
25 comprising any suitable storage medium. Image data may 
be processed as it is obtained, after all data has been 
captured, or a combination thereof. 

[0033] Illumination control 43 may be used to control the 
amount of optical energy given off by light source 50, both 
in time and in amplitude. For example, it may be desirable 
to adjust the output optical energy from light source 50 if 
sensor 52 is saturating, or if illumination levels are otherWise 
determined to be too high or too loW. Illumination control 43 
may also include additional circuitry used to interface the 
logic With light source 50. 

[0034] Sensor control 42 may be used for data transfer 
and/or processing and to control activation and deactivation 
of sensor 50. For example, sensor control 42 may convert an 
analog signal to a digital pixel value, or transfer pixel data 
stored in sensor 52 Where sensor 52 has an internal memory. 
In some applications, sensor 52 may also comprise logic, 
such as a programmable processor, that may adjust or 
process pixel data as desired, before the pixel data is 
transferred into a memory or storage medium. Such a 
processor may perform the functions of sensor control 42. In 
addition, sensor control 42 may also include a bias control 
to improve system dynamic range. For example, sensors 
may retain residual charge that decreases the amount of 
usable sensor capacity, for example, in shift registers, a 
phenomenon knoWn as image lag. Sensor control 42 may 
desirably increase the system dynamic range by applying a 
bias to sensor 52 to reduce the effect of this residual scene 
content on neWly captured image data. Sensor control 42 
may comprise softWare, hardWare, or a combination thereof. 

[0035] Sensor control 42 may also be used to control 
activation and deactivation of sensor 52, independently of or 
in conjunction With light source 50. For example, sensor 52 
may comprise a mechanical or electronic shutter mechanism 
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for controlling a dwell or integration time in Which the 
sensor may convert a number of photons received into 
electrons. When light source 50 is activated, sensor 52 
integrates over an interval of time signals re?ected from ?lm 
60. By so controlling a combination of illuminated poWer 
and sensor integration time, digital ?lm processing system 
10 may adjust an amount of illumination measurable by 
sensor 52 and thus system dynamic range as desired. 

[0036] Digital ?lm processing system 10 may obtain data 
from many kinds of images, such as color photographic 
images (either negative print or transparency), black and 
White images (either negative print or transparency and 
including black and White images derived from photo 
graphic ?lm With multiple layers), other monochromatic 
images, x-rays, or any other type of image stored on ?lm 60. 
Digital ?lm processing system 10 may capture data from any 
tangible ?lm 60 that may both re?ect back and pass through 
illumination from a light source. One example of ?lm 60 is 
discussed in conjunction With FIG. 1A. 

[0037] FIG. 1A illustrates an example of a cross-section 
of ?lm from Which image data may be captured. Color ?lm 
60 typically comprises three color emulsion layers—e.g., a 
blue layer 27, a green layer 28 and a red layer 29—that are 
stacked on an antihalation layer 30. These four layers are 
typically stacked on a transparent base substrate layer 31. 
Each of these layers and their density affect the incident 
angle of light transmitted through the ?lm and thus the 
illumination levels measured by sensor 52. In some appli 
cations, a developing chemical layer 26 may be applied to 
?lm 60. 

[0038] Film types vary With respect to the density of the 
antihalation layer, layer con?guration, and thickness of the 
base layer. The density of ?lm may also vary With respect to 
image content therein. For example, photographic ?lm con 
tains grains held on a substrate, such as silver-halide, as part 
of its physical makeup. These grains are a function of the 
latent image on the ?lm, as Well as the type and format of 
the ?lm, With faster-speed and smaller-format ?lm exhibit 
ing more graininess. 

[0039] Developing chemical layer 26 may vary in thick 
ness in the Z direction betWeen different points on the ?lm, 
and may also affect the apparent density of the ?lm. During 
a ?lm development process, grains Within the ?lm that Were 
exposed to the most light are the ?rst to develop, and other 
grains develop as the development process continues. Those 
areas in Which the most grains develop for a given layer Will 
have the greatest density and loWest resultant pixel values. 
For example, images may contain areas of loW-light shad 
oWs that contain many more grain traces than areas of bright 
sky. In addition, as ?lm develops, it increases in density as 
silver is formed from compounds Within the ?lm, thus 
permitting latent images to be obtained by sensor 42. 

[0040] Sensor 52 is operable to measure light intensity 
Within a spatial location of an image in ?lm 60, even While 
?lm 60 is developing, or still has developing chemical 
applied thereto. These measurements may be obtained from 
silver formed from compounds Within ?lm 60, rather than 
from dyes Within each of layers 27-29 after the developing 
chemical has been removed. Each intensity value associated 
With the intensity of light at that spatial location in the 
original image in ?lm 60 corresponds to one of a series of 
pixels Within an image as captured and/or stored by image 
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capture engine 34. The intensity refers generally to a pixel’s 
brightness. For example, a White pixel has greater intensity 
values than a gray or black pixel. Thus, for pixels that 
comprise eight bits of resolution, a black pixel typically has 
an intensity value of close to Zero, Whereas a White pixel has 
an intensity value of close to 255. The range of light 
intensities Within an image on ?lm may be referred to as a 
dynamic range of the image. The use of White and dark 
pixels as used in this speci?cation is not meant to impart any 
meaning to the content of image data. For example, White 
and dark pixels Within a ?lm negative Would have the 
opposite meanings for a positive image print. 

[0041] FIG. 2A illustrates an example of an image capture 
engine that comprises an embodiment of the present inven 
tion. Image capture engine 34 may be a portion of digital 
?lm processing system 10 and comprises processor 36, 
storage medium 38 and sensor station 40. Image capture 
engine 34 may also capture data from ?lm 60, including a 
reference targets 62 and/or 70 and/or a leader 73. Image 
capture engine 34 may utiliZe reference target 62 to monitor 
variations in illumination as image data is captured, and/or 
may adjust signal modulation to respond to such variations. 

[0042] Reference target 62 is desirably disposed near ?lm 
60 and may be imaged With one or more suitably located 
detectors Whose ?eld of vieW is limited to a portion thereof 
(reference detectors (not explicitly shoWn)). For example, 
reference target 70 may be disposed so that it blocks or 
obstructs the ?eld of vieW of ?lm 60 to detectors Within 
sensor 52. Similarly, reference target 62 may be disposed 
adjacent to each side of ?lm 60, or at any sprocket holes 
therein. Alternatively or in addition, reference targets 62 
and/or 70 may be moved into and out of the ?eld of vieW of 
the one or more reference sensors at selected times as 

desired. For example, reference target 70 as illustrated may 
be moved in a generally y direction into and out of this ?eld 
of vieW. 

[0043] Any suitable reference target may be used that is 
desirably reasonably and uniformly re?ective and/or trans 
missive of the Wavelength of light source 50, and Whose 
dynamic range is Within the expected range of Weakest to 
strongest signals expected from the range in ?lm types. Such 
a reference target 62 may desirably reduce the possibility of 
sensor saturation that may result from gain adjustments of 
the Weakest and/or strongest signals. 

[0044] Each of these reference detectors Within sensor 52 
may be used to image reference target 62 and/or 70 through 
one or more sprocket holes of ?lm 60 or may be moved 
relative to reference target 62 and/or 70. Because these 
reference detectors are subject to similar heating and noise 
characteristics of image capture engine 34, they are desir 
ably similar in responsivity and characteristics such as noise, 
dynamic range, etc. to the detectors Within sensor 52. Such 
reference detectors also desirably provide a generally true 
estimate of the energy levels measurable by sensor 52. One 
or more of these reference detectors may be included Within 
sensor 52, or be disposed proximate to sensor 52. For 
example, Where reference target 62 as illustrated in FIGS. 
2A-2C may be disposed adjacent to each side of ?lm 60, one 
or more reference detectors in a generally linear array sensor 
52 may be used to capture image data from reference target 
62. To illustrate, Where sensor 52 comprises 4096 detectors, 
a ?rst plurality of reference detectors representing pixel Zero 
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through 128 may be used to image a ?rst portion of reference 
target 62. Detectors 129 through 3966 may be used to 
capture data from ?lm 60, and reference detectors 3967 
through 4095 may be used to capture data from second 
portion of reference target 62. Other con?gurations for 
reference detectors may also be utilized. 

[0045] To illustrate this aspect of the invention, sensor 52 
may comprise a generally linear array operable to capture a 
data or image column over a generally linear ?eld of vieW 
that spans Width W (in the y direction) of ?lm 60, or a 
portion thereof. For example, FIG. 2A illustrates a column 
11W.) that represents data that may be obtained from ?lm 60 
from one column in the y direction through image I1 at roW 
x=n. 

[0046] Film 60 is illustrated With a Width W in the y 
direction measured betWeen a top edge 72 and a bottom edge 
74. Film 60 may comprise a single image frame I1, or a 
plurality of image frames I1-In disposed along the ?lm in the 
X direction. Each image frame I1-In may be the same or a 
different siZe. For example, image frame I1 may be an image 
represented by a><b pixels, Where a and b are any integer. 
That is, image I1 includes a plurality of pixels or columns in 
the x direction, and b pixels or roWs in the y direction. For 
example, each image frame I1-In may include 1024x1024 
pixels, Where a=b=1024. Aplurality of image frames I1-In is 
illustrated to discuss one aspect of the invention. In com 
mercial ?lms 60, each of these image frames I1-In may be 
separated by an unexposed region Ru. Some ?lms 60 may 
also include one or more sprocket holes 76. 

[0047] In operation, sensor station 40 obtains image data 
from ?lm 60 and transfers the image data to a storage 
medium such as storage medium 38. Image capture engine 
34 may create opportunities for monitoring and adjusting 
signal modulation to accommodate for variations over time 
and/or due to changes in temperature. For example, ?lm 60 
may comprise an area of unexposed ?lm—the leader 
73—Which precedes or trails a plurality of image frames 
I1-In, in addition to an unexposed region or gutter Ru 
betWeen each image frame I1-In. Image capture engine 34 
may also use some or all of these unexposed regions in the 
?lm to provide initial estimates for ?lm characteristics, 
measurable illumination levels, and/or drift rates. 

[0048] To monitor and reduce the effects of spatial illu 
mination level non-uniformities betWeen various image cap 
ture times, image capture engine 34 may adjust signal 
modulation as desired by controlling a combination of 
illuminated poWer and sensor integration. Signal modulation 
may be adjusted by adjusting the pulse Width and/or the 
output amplitude of light source 50, and/or the integration 
time of sensor 52. Generally, sensor integration time may be 
combined, and traded off, With a level of illumination poWer 
to obtain an effective illumination time or illumination level 
that may be captured by a sensor. For example, an increased 
effective illumination time may be obtained by either 
increasing sensor integration time at a given illumination 
poWer, or increasing the poWer of illumination at a given 
sensor integration time. Effective illumination time may be 
similarly decreased by decreasing sensor integration time or 
decreasing illuminated poWer under similar conditions. 
Thus, in applications Where it may be desirable to capture 
images Within a short time period, higher illumination levels 
may in some cases be used With a shorter sensor integration 
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time. This provides the advantage of alloWing the full 
sensitivity of sensor stations to be used for each image While 
avoiding saturation of sensor 52, thus optimiZing the 
dynamic range for the sensor. Such monitoring and adjust 
ment may also facilitate matching the system dynamic range 
to the dynamic range of each image. 

[0049] To illustrate, in one embodiment of the invention, 
at least one sensing detector 61 may be used to measure 
illumination levels of light source 50. Sensing detector 61 
may be, for example, a photodiode, and have a ?eld of vieW 
restricted to illumination from light source 50. Any suitable 
con?guration for a sensing detector 61 may be used that 
provides a reasonably true estimate for the optical poWer 
output levels for an integration time during a pulse from 
light source 50 Without capturing additional ambient or 
re?ected light. For example, sensing detector 61 may be 
mounted on light source 50. Image capture engine 34 may 
then utiliZe the sensor, camera and/or illumination drift data 
measured from the sensing detector 61 and/or reference 
detectors to adjust image data. 

[0050] Illumination control 43 may be used to control the 
amount of optical energy given off by light source 50, both 
in time and in amplitude. Illumination control 43 may also 
comprise logic suitable to respond to readings from sensor 
52 or sensing detector 61, prior readings such as amplitude 
and/or pulse Width from light source 50, and/or ?lm char 
acteristics. This logic may be softWare, hardWare, or a 
combination thereof, and may be utiliZed to, for example, 
adjust an input current to light source 50 that accordingly 
adjusts an output optical energy, or illumination level. Illu 
mination control 43 may also comprise additional logic that 
is operable to accept pulse Width control signals from 
processor 36 as desired. Alternatively or in addition, illu 
mination control 43 may comprise amplitude control logic, 
Which may be softWare, hardWare, or a combination thereof. 
The amplitude control logic may be responsive to a ?lm type 
or an operating point, that may be input to or stored in a 
memory of illumination control 43, and/or to signal ampli 
tudes of sensors 52 and/or 53, respectively. Illumination 
control 43 may also include additional circuitry used to 
interface the logic With light source 50. Sensor control 42 
may also control the dWell or integration time of sensor 52. 

[0051] To operate independently of variable image data 
content, image capture engine 34 may desirably monitor 
illumination levels and/or adjust signal modulation for 
expected data Within ?lm 60 before capturing image data for 
each image. Image capture engine 34 may apply a gain in 
response to these illumination levels to desirably maximiZe 
the dynamic range of the image by mapping intensity values 
of each location to all usable pixel values (for eight-bit data, 
there are 256). Thus, to identify a nominal illumination level 
to be expected at the time of image data capture, image 
capture engine 34 may utiliZe one or more of these regions 
of unexposed ?lm, Which comprise a relatively uniform 
region of the highest light intensities. The adjustment can be 
made With or Without developer on the ?lm. Image capture 
engine 34 may also use some or all of these unexposed 
regions to adjust signal modulation and/or to adjust the 
image data. Image capture engine 34 may also adjust image 
data after it has been captured to correct or compensate for 
these variations that may have been present While the image 
Was captured. Such an advantage may avoid sensor satura 
tion and/or over?oW in calculations used to produce the 
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digital image, and improve the quality of the resultant digital 
image. One method for utilizing such an external reference 
62 and adjusting signal modulation to achieve desired illu 
mination levels is illustrated and described in further con 
junction With FIG. 4. 

[0052] FIG. 2B illustrates another example of an image 
capture engine that comprises an embodiment of the present 
invention. Image capture engine 34 may also be a portion of 
digital ?lm processing system 10 and comprises processor 
36, storage medium 38 and sensor stations 40 and 41. Sensor 
stations 40 and 41 may be used to capture image data from 
?lm 60 and may be similarly con?gured, operated and/or 
controlled. For example, similar to sensor station 40 as 
discussed in conjunction With FIG. 1, sensor station 41 may 
be disposed in a Z direction proximate to, and may be moved 
at a scan rate relative to, ?lm 60. Film 60 may also move 
through a plurality of orientations as both sensor stations 40 
and 41 capture image data therefrom. Sensor stations 40 and 
41 may also be disposed proximate to and oriented in 
various angles relative to ?lm 60. 

[0053] Sensor station 41 comprises optics 47, light source 
51, and sensor 53, and may also comprise its oWn sensor and 
illumination control 48 and 49. Alternatively, sensor station 
41 may share sensor and illumination controls 42 and 43 
With sensor station 40. In this embodiment, sensor station 40 
may be located proximate to the top surface 64 of ?lm 60, 
and sensor station 41 may be located proximate to bottom 
surface 66 of ?lm 60. Sensors 52 and 53 operate in concert 
With light sources 50 and 51 and optics 46 and 47 to capture 
or obtain image data from ?lm 60. Light sources 50 and 51 
may utiliZe the same or different frequencies. 

[0054] Sensor station 40 and sensor station 41 measure 
illumination levels through various incident angles of light 
re?ected from and/or passed through ?lm 60 to generate a 
resultant image. For example, sensor 52 may be used to 
capture light from light source 50 re?ected from ?lm 60 
and/or light from light source 51 illuminated through ?lm 
60. Similarly, sensor 53 may be used to capture light from 
light source 51 re?ected from ?lm 60 and/or light from light 
source 50 illuminated through ?lm 60. Each combination of 
a sensor and light source provides a sensor vieW. Image 
capture engine 34 may later adjust and combine the image 
data captured from one or more vieWs by sensor stations 40 
and/or 41 into various representations of one or more single 
images. 

[0055] Processor 36 may control the operation of sensor 
stations 40 and 41 by using sensor controls 42 and 48 and/or 
illumination control 43 and 49. Alternatively or in addition, 
processor 36 may control sensor stations 40 and/or 41 by, for 
example, executing softWare that may be stored in storage 
medium 38. Also alternatively or in addition, processor 36 
may comprise tWo individual processors. Each of these 
processors may control a respective sensor station. 

[0056] Similar to illumination control 48 as discussed in 
conjunction With FIG. 1, illumination control 49 may be 
used to control the amount of optical energy given off by 
light source 51, both in time and in amplitude. Sensor 
controls 42 and 43 may be used to control activation and 
deactivation of sensors 52 and 53 respectively, indepen 
dently of or in conjunction With light sources 50 and 51. 
Sensors 52 and 53 may integrate over a different intervals of 
time signals re?ected from and transmitted through ?lm 60 
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from light sources 50 and 51. Where a given illumination 
level may be desirable, each sensor 52 and 53 may integrate 
over a unique interval of time that may vary to capture 
varying amounts of illuminated poWer, depending on param 
eters such as dynamic range or a desired imaging WindoW 
time. Image capture engine 34 may thus control a combi 
nation of illuminated poWer and sensor integration time as 
desired. 

[0057] Image capture engine 34 is also operable to moni 
tor illumination levels and/or adjust signal modulation as 
described above. In one embodiment, an additional sensing 
detector 61, as described in FIG. 2A, may be coupled to or 
mounted on light source 50 and/or 51. In another embodi 
ment, reference detectors, as described in FIG. 2A, associ 
ated With sensor stations 40 and 41 are each operable to 
capture energy levels re?ected and/or illuminated through 
reference target 62 and/or 70 from light sources 50 and 51. 

[0058] FIG. 2C illustrates another example of an image 
capture engine that comprises an embodiment of the present 
invention. In this embodiment, image capture engine 34 may 
also be a portion of digital ?lm processing system 10 and 
comprises additional sensor stations 40a and 41a to monitor 
the reaction of developing ?lm at one of a plurality of 
development times for the ?lm. These additional sensor 
stations may provide additional information With respect to 
variances in ?lm characteristics as ?lm 60 develops. Any 
number of additional sensor stations 40a and 41a may be 
used Within the scope of the invention. 

[0059] In some applications, sensor stations 40a and/or 
41a may be disposed proximate to and at various intervals 
along the x direction of top portion 64 and bottom portion 
66. Film 60 may move relative to these sensor stations at one 
or more scan rates Where, for example, more than one 
transport mechanism 23 may be used. Each sensor station 
may be controlled With a common processor 36, or may be 
controlled With its oWn processor (not explicitly shoWn). 
Image capture engine 34 may later adjust and combine the 
image data captured from the plurality of sensor stations 40 
and/or 41 into various representations of one or more single 
images. 

[0060] Image capture engine 34 is also operable to moni 
tor and/or adjust illumination levels as described above. 
Additional sensing detectors 61 and/or reference detectors as 
described in FIGS. 2A and 2B are associated With sensor 
stations 40,40a, 41, and 41b. In this embodiment, the 
re?ectivity of reference target 62 may remain the same or 
may change from sensor station to station. For example, 
re?ectivity for reference target 62 for a last sensor station 
disposed in the x direction may desirably be decreased 
relative to a ?rst sensor station Where ?lm 60 comprises 
developing ?lm. As ?lm develops, its density increases and 
it captures more light as the density of silver increases. 
Therefore, reference target 62 may approximate the varying 
levels of illumination received by a sensor re?ected from a 
developing ?lm Whose density changes. Image capture 
engine 34 may also utiliZe information provided by these 
other additional sensor stations to adjust illumination levels 
accordingly at various development times. 

[0061] FIG. 3 illustrates an example of a method for 
capturing and adjusting image data in accordance With the 
present invention. While sensor station 40 is used to illus 
trate this aspect of the invention, the method discussed in 
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conjunction With this FIG. 3 may be used With any number 
of sensor stations and/or vieWs. Image capture engine 34 
may also selectively perform the method using some or all 
of these sensor stations and/or vieWs as desired. 

[0062] Steps 300-316 comprise one embodiment of a 
method for obtaining and adjusting image data by image 
capture engine 34. Although steps 300-316 are illustrated as 
separate steps, various steps may be ordered in other logical 
or functional con?gurations, or may comprise single steps. 
It may be helpful to describe generally the method before 
describing each particular step. Image capture engine 34 
may ?rst optionally determine drift rates for sensor 52 
and/or light source 50, and determine in response to the drift 
rates Whether illumination levels need to be monitored. 
Image capture engine 34 may then be optionally initialiZed 
With a set of parameters suitable for adjusting data captured 
from ?lm 60. Image capture engine 34 may then obtain 
initial estimates for sensor, ?lm and illumination parameters. 
Image capture engine 34 may monitor illumination levels 
and adjust signal modulation during the various steps Within 
the method While it is capturing data from ?lm 60, and/or 
may adjust image data after the data is captured. 

[0063] Because both sensor 52 and light source 50 may 
drift in sensitivity/ef?ciency over time due to factors such as 
temperature, image capture engine 34 may be designed to be 
operable using sensor 52 and light source 50 Whose drift 
rates may be determined or estimated in optional step 300. 
For example, these drift rates may be empirically measured. 
Image capture engine 34 may utiliZe these drift rates before 
or during data capture to determine Whether, or hoW often, 
to monitor illumination levels so that the dynamic range for 
image capture engine 34 is closer to the dynamic range for 
image data to be captured. Such an advantage may improve 
the signal integrity obtained by image capture engine 34 and 
thus the signal integrity of each processed image. This 
determination may be performed in step 300, or at any 
suitable place in the method. In the embodiment illustrated 
in this FIG. 3, this determination is performed in step 310. 
Image capture engine 34 may also dynamically vary the 
frequency for monitoring the illumination levels as desired. 
Image capture engine 34 may adjust image data after all data 
has been captured from ?lm 60, or after each pixel, column, 
or tWo-dimensional region has been captured, as desired. 
Image capture engine 34 may also control integration time 
for sensor 52 and/or illumination levels for light source 50 
before a region of data is captured. One example of a method 
for such a priori control is discussed in conjunction With 
FIG. 4. 

[0064] In step 302, each sensor station Within image 
capture engine 34 may be optionally calibrated With some 
initial operating characteristics. InitialiZing sensor station 40 
in image capture engine 34 may reduce variations in optical 
poWer over a period of time and/or due to temperature. For 
example, diodes Within light source 50, and/or detectors 
Within sensor 52, generally produce thermal transients that 
folloW an impulse upon activation, or turn-on, and decline 
approximately exponentially over a short period of time. 
Therefore, it may be desirable to establish a stable operating 
point or level for light source 50 and sensor 52 to reduce 
?uctuations in output poWer and sensitivity. Establishing an 
input operating point for light source 50 in turn may stabiliZe 
the available signal strength that may be received by sensor 
52, and may reduce the possibility that excess illumination 
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may saturate sensor 52. In other Words, this may reduce 
?uctuations in the dynamic range of image capture engine 
34. In one embodiment of the invention, image capture 
engine 34 may be stabiliZed by Waiting a short period of 
time, for example, sixty seconds, in order for light source 50 
and sensor 52 to reach a nominal operating level. Such levels 
may be set automatically or manually. 

[0065] In some applications, it may be desirable to avoid 
Waiting for sensor station 40 to adjust to equilibrium. In such 
a case, light source 50 may be adjusted to compensate for 
illumination along a thermal transient output poWer decay 
curve While, for example, LED and/or CCD devices Warm 
up. For example, an input current to light source 50 may be 
increased/decreased to stabiliZe its optical output poWer 
thereby keeping the image capture engine in a linear oper 
ating region. Sensor 52 may then be used to capture image 
data from ?lm 60 While its responsivity is in a linear range 
With respect to light source 50. 

[0066] In step 304, image capture engine 34 initialiZes 
sensor 52 and light source 50. In this step, image capture 
engine 34 may optionally adjust and/or set sensor and 
illumination levels for a ?lm type. For example, image 
capture engine 34 may adjust and/or set an integration time 
of sensor 52 and/or an illumination poWer of light source 50 
for an expected density of the ?lm type and expected signal 
strength. These adjustments may desirably prevent satura 
tion of sensor 52 during capture of image data in image 
regions Within ?lm 60. In one embodiment of the invention, 
an initialiZation set point for such parameters may be 
automatically chosen if variation in ?lm types is large. Such 
set points may be stored in, for example, tables, variables, 
?les, or in any other suitable arrangement in RAM 36a, 
ROM 36b, and/or storage medium 38, or may be manually 
chosen. On the other hand, if variation betWeen ?lm types is 
small then some nominal set point may be chosen. 

[0067] Alternatively or in addition, image capture engine 
34 may in step 306 use leader 73 to obtain initial estimates 
of the density of ?lm 60 and determine initial illumination 
levels. These estimates may be established by obtaining a 
plurality of readings Within a region, such as a column, from 
leader 73, or obtaining substantially all data therefrom, 
Whether or not a chemical developer has been applied. 

[0068] In step 308, image capture engine 34 begins cap 
turing data from ?lm 60, by illuminating ?lm 60 using light 
source 50 and capturing data With sensor 52. Details for 
storing and processing captured image data are discussed in 
conjunction With step 316. As previously discussed, image 
capture engine 34 may capture tWo-dimensional image data 
from ?lm 60 by utiliZing a tWo-dimensional sensor 52, such 
as a staring array. Alternatively, a generally linear array 
sensor 52 may obtain a data or image column along the y 
direction of ?lm 60 as illustrated in FIGS. 2A-2C. Film 60 
may be moved at a scan rate relative to sensor 52 in the x 
direction as illustrated in FIGS. 2A-2C to obtain a tWo 
dimensional plurality of columns for each latent image in 
?lm 60. 

[0069] Image capture engine 34 may use an imaging 
WindoW during Which one or more sensors and/or light 
sources may be used to obtain image data from ?lm 60. The 
duration of such an imaging WindoW may be a length of time 
suf?cient to obtain a desired resolution, such as 12 pm per 
square pixel. For example, if a square pixel is desired, optics 
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46 and a generally linear sensor 52 may be suitably adjusted 
to obtain data in the y direction of 12 pm. Then, image 
capture engine 34 may adjust the scan rate to obtain the 
desired resolution of 12 pm in the X direction. At a next 
imaging WindoW, sensor 52 may capture a next column of 
data from ?lm 60, and repeat this process until all image data 
from ?lm 60 has been captured. Alternatively, a tWo-dimen 
sional sensor 52 may be used to obtain image data for a 
tWo-dimensional region from ?lm 60 by using a similar 
process. 

[0070] In step 310, image capture engine 34 determines 
Whether to monitor illumination levels and/or to adjust 
signal modulation. Where sensor and illumination drift rates 
are sloW relative to the time to capture data from ?lm 60 
(total data capture time), image capture engine 34 may 
determine that no monitoring or adjustment need be per 
formed. Image capture engine 34 may then proceed to step 
314. Alternatively, image capture engine 34 may determine 
When to perform and/or measure for adjustments as desired, 
in step 312. This step may be omitted in some embodiments 
of the invention, or performed at other stages, such as before 
each image frame. The invention may include measuring 
reference and sensed illumination levels, adjusting image 
data, and/or signal modulation adjustment, after Which 
image capture engine proceeds to step 314 and back to step 
308 to capture a next set of image data. 

[0071] For example, Where illuminator drift rates are fast 
relative to the total data capture time, illumination variations 
Within an image frame, from image to image, or from sensor 
station to sensor station may be erroneously interpreted as 
variations in data content. Therefore, image capture engine 
34 may create opportunities to monitor and/or adjust illu 
mination levels. Image capture engine 34 may also option 
ally use the captured data to control sensor 52 and/or light 
source 50 before the next column or region of data is 
captured by, for example, adjusting illumination poWer 
(such as pulse Width and/or amplitude) and sensor integra 
tion time. One method for utiliZing such an external refer 
ence 62 and adjusting signal modulation to achieve desired 
illumination levels is illustrated and described in further 
conjunction With FIG. 4. 

[0072] In step 314, image capture engine 34 optionally 
determines Whether all image data from ?lm 60 has been 
captured. For example, the invention also contemplates 
on-the-?y image data adjustment, Where image capture 
engine 34 may adjust image data after some or all of the 
image data has been captured from ?lm 60. In this example, 
if all image data has not been captured, image capture engine 
34 returns to step 308 to continue the method. If so, image 
capture engine 34 proceeds to step 316 to adjust the captured 
image data. 

[0073] Image capture engine 34 may perform adjustments 
in step 316 to image data captured using information 
obtained during steps 304-312. Image capture engine 34 
may determine a gain using data captured by reference 
detectors to apply to image data captured by sensor 52. 
NormaliZing the gains of captured image data may also 
avoid over?oW in calculations. Image capture engine 34 
then applies these adjustments to the captured image data to 
reduce the effects of spatial non-uniformities in the captured 
image data. Because the method may adjust image data 
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captured at a plurality of times, the integrity of the image 
data may be improved notWithstanding any changes in ?lm 
density as ?lm 60 develops. 

[0074] Image capture engine 34 may perform adjustments 
as frequently as desired as discussed above, on data captured 
or received by any digital ?lm processing system 10. 
Although a plurality of embodiments of an exemplary image 
capture engine 34 that may be used for image adjustment in 
connection With the invention have been illustrated, other 
image capture engines may be used Without departing from 
the scope of the invention. 

[0075] Processing may be performed as desired, includ 
ing, but not limited to, a pixel, array (such as a data column), 
or image frame basis. Processing may also be performed in 
parallel or pipelined. Any or all non-uniformities need not be 
completely removed during adjustment to fall Within the 
scope of the invention. Accordingly, adjustment includes, 
but is not limited to, reduction of non-uniformities or errors, 
or other alterations of pixel data in the captured image. To 
illustrate this aspect of the invention, adjustment is per 
formed on image data captured in data columns by a 
generally linear sensor that comprises a plurality of detec 
tors. 

[0076] Captured and/ or adjusted image data, as Well as 
data captured from monitoring illumination levels, may be 
stored as pixel values representing the measured sensor 
illumination levels. These data may be stored in non-volatile 
memory such as storage medium 38 for subsequent process 
ing, and/or stored in RAM 36a, ROM 36b, or in other 
storage media Within image capture engine 34 for near 
simultaneous processing. 

[0077] Averaging or an equivalent thereto may reduce or 
eliminate other high frequency defects that may be due to 
external factors. Image capture engine 34 may also option 
ally ensure that image data captured in the X direction is 
spatially uniform, by using one of many methods to nor 
maliZe these estimates. For example, image capture engine 
34 may determine a neW gain factor, or gain level, from the 
data captured from the unexposed region to achieve the 
effect of an approximately uniform instantaneous scan 
across an image frame, and/or the roll of ?lm. This reduces 
or removes the effects of spatial illumination non-uniformi 
ties from subsequent data captured Within the image frame. 
This illumination gain factor may be calculated for illumi 
nation measurements by a method such as the one described 
in conjunction With FIG. 4. Adjustment may be performed 
here or in step 506, and on a column-by-column basis. 

[0078] Image capture engine 34 may then apply this neW 
gain level to each pixel of image data captured from one or 
more subsequent image frames. Alternatively, the neW gain 
level may be represented as a gain factor. Depending on the 
gain factor used, adjustment may be performed by, for 
example, multiplying the gain factor by the captured image 
data. The desired pixel value may be a predetermined value, 
or an averaged value. For example, the desired pixel value 
may be an average of a plurality of reference and/or sensing 
detector values Within a plurality of captured data columns 
in the x-direction. 

[0079] Where a plurality of sensor stations are used, image 
data captured by each sensor station may be normaliZed 
independently. Such independent processing may be desir 
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able, for example, Where image capture engine 34 may 
utilize different parameters for each sensor station such as 
light sources using various Wavelengths, and/or sensors With 
varying integration times. When a plurality of sensor sta 
tions are used, each representation of an image captured by 
a sensor station may be recombined and/or undergo other 
processing to form a single representation of the image. 

[0080] FIG. 4 illustrates an example of a method for 
monitoring and adjusting illumination of an image capture 
system utiliZing the teachings of the present invention. 
While sensor station 40 is used to illustrate this aspect of the 
invention, the method discussed in conjunction With this 
FIG. 3 may be used With any number of sensor stations 
and/or vieWs. Image capture engine 34 may also selectively 
perform the method using some or all of these sensor 
stations and/or vieWs as desired. Although steps 500-508 are 
illustrated as separate steps, various steps may be ordered in 
other logical or functional con?gurations, or may comprise 
single steps. 

[0081] Generally, image capture engine 34 uses a refer 
ence target 62 or 70 to monitor illumination levels as image 
data is obtained in the X direction continually or as desired. 
Image capture engine 34 may capture reference energy 
levels from reference detectors and/or sensed energy levels 
from one or more sensing detectors 61. Image data may be 
adjusted in response to these levels as they change betWeen 
data columns. These adjustments may be desirable, because 
image capture engine 34 may, for example, maintain a stable 
input current to light source 50, the optical output poWer of 
light source 50 still typically drifts. In some embodiments of 
the invention, image capture engine 34 may adjust signal 
modulation by measuring one or more prior pulses of light 
source 50 and adjusting its signal modulation to a desirable 
level. This may desirably alloW image capture engine 34 to 
operate independently of content and/or unexposed regions 
Within ?lm 60, and may also ensure that illumination is 
generally uniform or varies Within a small range. 

[0082] The method begins in step 500, Where light source 
50 illuminates ?lm 60 and reference target 62 or 70 as 
illustrated in FIGS. 2A-2C. In step 502, image capture 
engine 34 may utiliZe sensor 52 to capture data from ?lm 60, 
and one or more reference detectors to capture reference 
energy levels from reference target 62. Because re?ective 
and transmissive properties of reference target 62 typically 
do not vary appreciably, image capture engine 34 may use 
data captured by each reference detector as a reference level. 
Image capture engine 34 may utiliZe this reference level to 
apply gain to subsequent latent image data captured to 
compensate for slight variations in illumination levels or 
drifts Within the detectors. Such an advantage may minimiZe 
the presence of signal noise and may stabiliZe image capture 
engine 34 to the extent that detector response variations 
caused by spectral bandWidth shifts of illumination com 
bined With detector responsivity are relatively constant as a 
function of Wavelength. 

[0083] In one embodiment of the invention, image capture 
engine 34 may average data captured by each plurality of 
reference detectors to estimate a drift in illumination. Alter 
natively or in addition, image capture engine 34 may also 
perform ?ltering of several prior estimates to correct for 
illuminator drift and its effects on image data in the X 
direction, as discussed earlier in conjunction With FIG. 3, at 
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step 316. For example, image capture engine 34 may use a 
Weighted average from prior data columns. 

[0084] In step 503, image capture engine 34 may option 
ally determine Whether to adjust signal modulation in steps 
504-508. This may be desirable Where signal modulation of 
light source 50 drifts Within a tolerance that may be less than 
some noise threshold, such as total system noise, or desired 
noise ?oor, etc. For example, image capture engine 34 may 
determine these drifts from initial estimates and/or prior 
reference and/or sensed energy levels. In some applications, 
such as Where drifts are larger than this tolerance, image 
capture engine 34 may adjust image data in step 316 as 
discussed previously. In steps 504-508, image capture 
engine 34 may optionally adjust light sensor 50 to output 
relatively uniform illumination levels Within some tolerance 
before image capture engine 34 captures additional data. 

[0085] In step 504, image capture engine 34 may capture 
the current illumination level of a light pulse using sensing 
detector 61 as a sensed energy level. For example, as a data 
column is captured, nominal energy levels for detectors 
Within sensor 52 are typically modulated With detector 
variances. That is, although the energy level values may be 
the same, detector variances may not be separable from 
illumination variances. Thus, normaliZation of both detector 
variances Within sensor 52 as Well as illumination variances 
for light source 50 may be desirable. Image capture engine 
34 may utiliZe and/or create one or more correction factors 
to correlate energy level values from each sensing detector 
61 to those from light source 50. Image capture engine 34 
may then utiliZe the sensor, camera and/or illumination drift 
data measured from the sensing detector 61 and/or reference 
detectors to adjust image data. Alternatively or in addition, 
image capture engine 34 may adjust sensor integration 
times, and/or light source amplitude or pulse Width levels 
before the next pulse from light source 50 in response to this 
data. 

[0086] In step 506, image capture engine 34 calculates the 
drift in the illumination level of this pulse from a prior light 
pulse level, and determines an appropriate gain that, if 
desired in step 507, may be used to adjust image data in step 
316 as discussed previously. 

[0087] Image capture engine 34 may then apply this neW 
gain level to each pixel of image data captured from one or 
more subsequent data columns to correct for the drift in 
illumination. Alternatively, the neW gain may be represented 
as a gain factor. Depending on the gain factor used, adjust 
ment may be performed by, for example, multiplying the 
gain factor by the captured image data or logarithmically 
subtracting the gain factor from the captured image data. 
The neW gain level may be calculated by a variety of knoWn 
methods, using pixel values, illumination levels, or a com 
bination thereof. 

[0088] For example, image capture engine 34 may mea 
sure a desired light level as a pixel value of 2233 (Where 
each pixel comprises tWelve (12) bits of resolution). The 
desired pixel value may be a predetermined value, or an 
averaged value. The desired pixel value may be an average 
of all prior reference detector values measured in the x-di 
rection. In some applications, the neW gain level may be 
obtained by calculating the ratio of the desired value over the 
measured value. This gain is then multiplied by the actual 
measurement of each detector to produce a constant refer 
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enced value and normalize the entire column to the refer 
ence. Thus, Where reference detectors measure a loWer light 
level such as 2230, the neW gain value Will be 2233/2230. 
Similarly, Where reference detectors measure a higher light 
level such as 2235, the neW gain value Will be 2233/2235. 

[0089] In step 508, image capture engine 34 may utiliZe 
discrete feedback from one or more prior pulses to deter 
mine an operating point for a neXt pulse. In some applica 
tions, illumination control 43, processor 36, or a combina 
tion of the tWo, may be used to deliver an input signal to 
light source 50. Image capture engine 34 may desirably 
average measured illumination levels for prior pulses to 
establish a desired illumination level for the neXt pulse. 
Image capture engine 34 may utiliZe many types of aver 
aging algorithms or ?lters, including but not limited to, 
Weighted averages, and in?nite or ?nite impulse response 
algorithms. 
[0090] While the invention has been particularly shoWn by 
the foregoing detailed description, various changes, substi 
tutions, and alterations may be readily ascertainable by those 
skilled in the art and may be made herein Without departing 
from the spirit and scope of the present invention as de?ned 
by the folloWing claims. 

What is claimed is: 
1. A signal modulation adjustment system comprising: 

a ?rst light source; 

a ?rst sensor operable to capture light re?ected from the 
?lm illuminated by the ?rst light source; 

a reference sensor operable to capture light re?ected from 
a reference target illuminated by the ?rst light source; 

processing circuitry coupled to the ?rst sensor and oper 
able to: 

capture image data from the ?lm in response to a ?rst 
amount of light re?ected from the ?lm With the 
sensor for a ?rst integration time; and 

capture a ?rst reference output produced approximately 
simultaneously to the ?rst amount of light re?ected 
from the ?lm in response to a ?rst amount of light 
re?ected from the reference target in a ?eld of vieW 
of a reference sensor. 

2. The system of claim 1, Wherein the processing circuitry 
is further operable to adjust the data in response to the 
reference output. 

3. The system of claim 1, Wherein the processing circuitry 
is further operable to: 

capture an additional reference output produced in 
response to a second amount of light re?ected from the 
reference target in a ?eld of vieW of the reference 
sensor in response to illumination of the reference 
target and another region of ?lm for at least one 
additional time interval; 

adjust the image data in response to all of the reference 
outputs. 

4. The system of claim 1, Wherein the ?lm has developing 
chemical applied thereto. 

5. The system of claim 1, Wherein the reference target is 
aligned to at least one edge of the ?lm, be illuminated 
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through at least one sprocket hole of the ?lm, and block a 
region of the ?lm from the ?eld of vieW of the reference 
sensor. 

6. The system of claim 1, Wherein a reference target is 
periodically inserted Within the ?eld of vieW of the reference 
sensor. 

7. The system of claim 1, Wherein the processing circuitry 
is further operable to cause initialiZation of one of the group 
consisting of the ?rst light source and the ?rst sensor in 
response to a ?lm type. 

8. The system of claim 1, Wherein the processing circuitry 
is further operable to cause adjustment of a sensed output 
illumination level of the ?rst light source in response to the 
?rst reference output before a neXt time interval. 

9. The system of claim 8, Wherein the processing circuitry 
is further operable to: 

capture a second reference output produced approxi 
mately simultaneously to the ?rst reference output in 
response to a second amount of light passed through the 
reference target in a ?eld of vieW of a second reference 
sensor; and 

adjust a sensed output illumination level of the ?rst light 
source in response to an averaged value derived from 
the ?rst and second reference outputs before a neXt time 
interval. 

10. The system of claim 8, Wherein the processing cir 
cuitry is further operable to cause adjustment of the sensed 
output illumination level in response to the image data to 
prevent saturation of the ?rst sensor. 

11. The system of claim 8, Wherein adjustment of the neXt 
sensed output illumination level of the light source com 
prises: 

production by a sensing detector of a ?rst sensed output 
in response to a ?rst amount of light illuminated by the 
light source, the sensing detector operable to determine 
a sensed illumination level of the light source during 
the ?rst time interval; 

calculation of a relationship betWeen the reference output 
and the sensed output; 

adjustment of at least one of the group consisting of an 
integration time of the ?rst sensor, an output signal 
amplitude of the ?rst light source and an output signal 
pulse Width of light of the ?rst light source in response 
to the calculated relationship to provide a neXt output 
illumination level for the light source for the neXt time 
interval. 

12. The system of claim 11, Wherein the sensing detector 
is coupled to the light source. 

13. The system of claim 11, Wherein the processing 
circuitry is further operable to adjust the image data in 
response to the sensed output. 

14. The system of claim 8, Wherein adjustment of the neXt 
sensed output illumination level maintains an approximately 
stable signal modulation illuminated poWer from the ?rst 
time interval to the neXt time interval. 

15. The system of claim 8, Wherein adjustment of the 
sensed illumination level comprises: 

production of a plurality of sensed outputs in response to 
a plurality of amounts of light illuminated by the light 
source by a sensing detector operable to determine a 
sensed illumination level of the light source during 
each of a plurality of time intervals; 
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calculation of a relationship between the reference output 
and at least one of the plurality of sensed outputs; 

adjustment of at least one of the group consisting of an 
integration time of the ?rst sensor, an output signal 
amplitude of the ?rst light source and an output signal 
pulse Width of light of the ?rst light source in response 
to the calculated relationship to provide a neXt output 
illumination level for the light source for the neXt time 
interval. 

16. A signal modulation adjuster, comprising: 

a computer readable medium; and 

illumination adjustment softWare on the computer read 
able medium, the illumination adjustment softWare 
operable to: 

capture image data from the ?lm in response to a ?rst 
amount of light re?ected from the ?lm With a ?rst 
sensor for a ?rst integration time; and 

capture a ?rst reference output produced approximately 
simultaneously to the ?rst amount of light re?ected 
from the ?lm in response to a ?rst amount of light 
re?ected from the reference target in a ?eld of vieW 
of a reference sensor. 

17. The adjuster of claim 16, Wherein the softWare is 
further operable to adjust the image data in response to the 
reference output. 

18. The adjuster of claim 16, Wherein the softWare is 
further operable to: 

capture an additional reference output produced in 
response to a second amount of light re?ected from the 
reference target in a ?eld of vieW of the reference 
sensor in response to illumination of the reference 
target and another region of ?lm for at least one 
additional time interval; 

adjust the image data in response to all of the reference 
outputs. 

19. The adjuster of claim 16, Wherein the ?lm has 
developing chemical applied thereto. 

20. The adjuster of claim 16, Wherein the reference target 
is aligned to at least one edge of the ?lm, be illuminated 
through at least one sprocket hole of the ?lm, and block a 
region of the ?lm from the ?eld of vieW of the reference 
sensor. 

21. The adjuster of claim 16, Wherein the reference target 
is periodically inserted Within the ?eld of vieW of the 
reference sensor. 

22. The adjuster of claim 16, Wherein the softWare is 
further operable to cause initialiZation of one of the group 
consisting of the ?rst light source and the ?rst sensor in 
response to a ?lm type. 

23. The adjuster of claim 16, Wherein the softWare is 
further operable to cause adjustment of a sensed output 
illumination level of the ?rst light source in response to the 
?rst reference output before a neXt time interval. 

24. The adjuster of claim 23, Wherein the softWare is 
further operable to: 

capture a second reference output produced approXi 
mately simultaneously to the ?rst reference output in 
response to a second amount of light passed through the 
reference target in a ?eld of vieW of a second reference 
sensor; and 
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adjust a sensed output illumination level of the ?rst light 
source in response to an averaged value derived from 
the ?rst and second reference outputs before a neXt time 
interval. 

25. The adjuster of claim 23, Wherein the softWare is 
further operable to cause adjustment of the sensed output 
illumination level in response to the image data to prevent 
saturation of the ?rst sensor. 

26. The adjuster of claim 23, Wherein adjustment of the 
neXt sensed output illumination level of the light source 
comprises: 

production by a sensing detector of a ?rst sensed output 
in response to a ?rst amount of light illuminated by the 
light source, the sensing detector operable to determine 
a sensed illumination level of the light source during 
the ?rst time interval; 

calculation of a relationship betWeen the reference output 
and the sensed output; 

adjustment of at least one of the group consisting of an 
integration time of the ?rst sensor, an output signal 
amplitude of the ?rst light source and an output signal 
pulse Width of light of the ?rst light source in response 
to the calculated relationship to provide a neXt output 
illumination level for the light source for the neXt time 
interval. 

27. The adjuster of claim 26, Wherein the sensing detector 
is coupled to the light source. 

28. The adjuster of claim 27, Wherein adjustment further 
comprises correlation of the ?rst sensed output and the ?rst 
reference output With a selected correction factor. 

29. The adjuster of claim 26, Wherein the softWare is 
further operable to adjust the image data in response to the 
sensed output. 

30. The adjuster of claim 23, Wherein adjustment of the 
neXt sensed output illumination level maintains an approXi 
mately stable signal modulation from the ?rst time interval 
to the neXt time interval. 

31. The adjuster of claim 16, Wherein adjustment of the 
sensed illumination level comprises: 

production of a plurality of sensed outputs in response to 
a plurality of amounts of light illuminated by the light 
source by a sensing detector operable to determine a 
sensed illumination level of the light source during 
each of a plurality of time intervals; 

calculation of a relationship betWeen the reference output 
and at least one of the plurality of sensed outputs; 

adjustment of at least one of the group consisting of an 
integration time of the ?rst sensor, an output signal 
amplitude of the ?rst light source and an output signal 
pulse Width of light of the ?rst light source in response 
to the calculated relationship to provide a neXt output 
illumination level for the light source for the neXt time 
interval. 

32. The adjuster of claim 31, Wherein the calculated 
relationship is at least one of the group consisting of an 
in?nite impulse response, a ?nite impulse response, and a 
Weighted average. 


